Background: Studies have found that deaf individuals have higher rates of psychiatric disorder than those who are hearing, while at the same time encountering difficulties in accessing mental health services. These factors might increase the risk of suicide. However, the burden of suicidal behaviour in deaf people is currently unknown.
Introduction
Suicide and self-harm are major problems worldwide [1] . In the general population, mental illness is a major risk factor for suicide [2] . Deaf and deaf-blind individuals suffer higher rates of mental health problems than hearing individuals [3, 4] . Recent reports from the UK Department of Health and non-governmental organisations [3, 5] also reveal increased difficulties for deaf people in accessing mental health and social care services. These factors may put deaf individuals at greater risk of suicide than the general population.
Currently, the scale of the problem is unknown. The estimated number of people in the UK who are deaf or hearing impaired is 9 million (Royal National Institute for the Deaf statistics, as of 17 November 2006 [6] ). If the rate of suicide in deaf people is no greater than in the hearing population (around 10 per 100000 per year) we might expect approximately 900 suicides per year by those who are deaf or hearing impaired. Based on the rates of selfharm in the UK general population (i.e. around 300-500 per 100000 per year [7] we might expect between 27000 and 45000 self-harm presentations to hospital each year by those who are deaf or hearing impaired. The size of the deaf and hard of hearing population in the United States has been estimated as around 20 million [8] . So in the United States, if the rate of suicide in deaf people is no greater than in the hearing population (around 11 per 100000 per year; US Government statistics, as of 16 April 2007 [9] ) we might expect approximately 2000 suicides per year by those who are deaf or hearing impaired.
Risk factors for suicide in deaf and hearing-impaired people are also unknown. Some authors have suggested that risk factors for poor mental health are similar in the deaf and hearing populations [10, 11] . Others have highlighted risk factors that are more specific to deaf populations, for example lack of role models, alienation from family and peers [12] .
Definitions
Terms used to describe both suicidal behaviour and deafness vary. Suicide describes an intentional act which has resulted in death [2] . For the purposes of this study we were also interested in non-fatal suicidal behaviours, for example attempted suicide (which implies a degree of suicidal intent and is a term particularly used in North America [13] , and self-harm (an act of intentional selfpoisoning or injury irrespective of the apparent purpose of the act [14] . We also included suicidal ideation [13] .
A variety of terms are used to describe people with hearing loss [6] . For example, 'hard of hearing' may be used to describe people who have lost their hearing gradually, 'deafened' refers to people who were born hearing and became severely or profoundly deaf after learning to speak. Deafness may be further classified according to the degree of hearing impairment (mild, moderate, severe, profound). One important distinction is between those whose preferred method of communication is Sign Language (who may be pre-lingually deaf, and may refer to themselves as 'Deaf' (with a capital 'D') to emphasise their deaf identity) and those with hearing loss who use oral methods of communication. For the purposes of this review, we were interested in all forms of deafness.
Objectives
An understanding of the epidemiology and risk factors for suicide in deaf people is essential to inform preventative initiatives. The current review had three main objectives:
• to establish the incidence and prevalence of suicidal behaviour in deaf populations;
• to describe risk factors for suicidal behaviour in deaf populations (demographic, clinical, service related etc.);
• to describe approaches to intervention and suicide prevention that have been used in deaf populations.
An additional objective of the review was to investigate subgroups of deaf people (for example those deaf from birth and those with later-onset deafness) with specific reference to each of the above objectives.
Methods
We performed searches for literature in the key areas of suicide and deafness, primarily through electronic databases. In addition, the internet search engine Google Scholar was explored.
The key search terms of 'deafness' and 'suicide' were entered into the databases, along with truncated versions and related terms, e.g. 'deaf$', 'hear$' and 'suicid$' to ensure a broad sweep for relevant papers. Terms relating to other hearing conditions, including Ménière's disease were also entered, as well the broader term of 'hearing impairment'. A variety of terms for suicidal behaviour were also used, for example 'attempted suicide', 'parasuicide', 'self-harm' and 'self-injurious behaviour'. A combination of medical subject headings and key word searches were performed. Finally, advice on additional terms was sought from our project collaborator, the Deputy Chief Executive of the deafness and mental health charity, Sign.
We also searched reference lists of retrieved papers to identify any other relevant studies, and explored the Science and Social Sciences Citation Index databases to identify studies that had cited key papers. Efforts were also made to contact experts in the field, particularly those involved in the deaf community. Two national conferences organised by the British Society for Mental Health and Deafness (BSMHD) were also attended during 2006 with the aim of locating additional unpublished work. Additional file 1 gives details of our search strategy.
We included studies where the participants were either deaf (complete hearing loss) or partially deaf (hearing impaired). We limited the study to English language papers and excluded case studies with less than five subjects and research correspondence that did not report empirical data. We excluded any literature published before 1966. The coverage of one of our principal databases (Medline) did not extend to the years prior to this. It was also felt that changes in the epidemiology of suicide, changes to mental health service provision and changes to the services for deaf people in the intervening period would have made the findings from older studies less relevant to current practice. However, we acknowledge that even in the period since 1966, some of the changes to practice have been very significant. In any case, research from countries with private health care systems (for example, the US) may have limited relevance for practice in countries with managed health care systems (for example the UK). We also considered studies relating to tinnitus and other sensory impairments if they were relevant to the study aims. Data were extracted independently by two raters using structured proformas. We chose not to formally rate the methodological quality of available literature with checklists or quality scales. Instead, the strengths and weaknesses of each individual study were commented on in detail.
Results
A total of 1005 papers were identified by the search strategy. Of them, 131 were excluded on the basis of their titles alone and a further 787 were excluded on the basis of their abstracts. Full text versions were retrieved for 87 papers and 13 were considered directly relevant to the objectives of the review (Table 1 ). The studies were published between 1986 and 2006. Eight studies recruited samples from the USA, two from the United Kingdom, one from Australia. The remaining two studies were based on international samples. The reliability of data extraction was excellent, with no disagreements between raters with respect to key data.
Incidence/prevalence of suicidal behaviour
Six papers offered varying amounts of information relating to the incidence and prevalence of suicidal behaviour in deaf people.
Critchfield, Morrison and Quinn surveyed 153 US schools and educational programmes for deaf students [12] . The aim was to gather information on the frequency of suicidal behaviour in hearing-impaired adolescents during the previous year. It should be noted however that the terms 'deaf' and 'hearing impaired' were used interchangeably throughout the paper and no definitions related to the hearing status of students were offered. Results were obtained from questionnaires administered to educational environments either exclusively for deaf students or which had at least 100 deaf students attending. In total, 92 institutions (covering a total of 8020 students) responded. The researchers found that, overall, 1.7% of students had made suicidal attempts or 'gestures' (referring to acts of suicidal behaviour with uncertain intent) during the previous year. No completed suicides were reported. It is difficult to comment on how generalisable these results are to the wider deaf population. The results were based on students of junior high school age or above in selected institutions. In addition, 61% of questionnaires were returned and no information was reported on those institutions which did not participate.
Boyechko reported prevalence rates of suicidal behaviour in hearing-impaired (hearing loss of 55 decibels or greater) US college students at a single specialist higher education institution [11] . A total of 51 deaf individuals completed study questionnaires. The author found high rates of suicidal behaviour and ideation among participants. During their lifetime, 40% reported having felt that life was not worth living and 44% had experienced suicidal thoughts. Overall, 30% reported having attempted suicide during their lifetime and 18% had attempted suicide during the previous year. There were no completed suicides. The study had several methodological limitations. First, the sample size was relatively small and only comprised students from a single specialist University for deaf students. Second, the sample comprised volunteers who may have had a specific interest in suicide and may therefore not have been representative of the general population. Third, the study sample was recruited in two different ways, the first through an appeal for participants during university lecture sessions and with posters displayed around the university campus, the second by inviting students to participate by post.
Dudzinski surveyed all US residential and day education programmes for deaf students listed in the American Annuls of the Deaf Directory (n = 83) to investigate suicidal ideation in deaf people [10] . The study was also A total of 43% of deaf students compared to 27% of hearing students scored within range of mild depression; 8% of deaf students compared to 4% of hearing students scored within range of moderate depression. Lewis et al, 1992 Case study To investigate tinnitus as a possible risk factor for suicide. To consider additional risk factors for suicide.
Six case studies of suicidal behaviour in tinnitus sufferers known to one clinic in Cardiff, Wales (Mar 1990 -April 1991).
Case reports of suicide, detailing social and demographic information, psychiatric history and type and severity of tinnitus. A total of 40% of deaf vs 17% of hearing students recorded mild depression; 6% of deaf vs 3% of hearing students recorded moderate depression. Deaf students significantly more boredom-prone than hearing students.
designed to analyse administrative response patterns to expressions of suicidal ideation. No exact incidence rates were presented but from the study results it is possible to estimate that approximately 8% of all students at the institutions were referred to counselling for suicidal ideation (approximately 17% of all students referred to counselling services). Methodological weaknesses included possible response bias; only 51% of institutions completed the survey. The study also used a brief self-report data collection tool that had not been validated.
De Leo and colleagues investigated reports of visual impairment and deafness in all 3654 autopsy case reports of suicide in Queensland, Australia collected for the period 1990 -1997 [15] . Twelve individuals were described as 'sight impaired'. Seven were described as 'hearing impaired'. This later group included three cases of tinnitus, two cases of Ménière's disease, and two cases of 'deafness'. (These terms were not expanded upon, perhaps because all data was collected from retrospective coroner's reports). The 19 cases reported by De Leo et al represented 0.5% of the sample, with those with hearing impairments representing 0.19%. Hearing impairment was considered a direct contributing factor to suicide in two of the suicide cases (one suffered tinnitus and one suffered Ménière's disease). The authors examined a large number of autopsy reports. However, the small number of cases and the lack of denominator data make it difficult to draw definitive conclusions about the incidence of suicide in deaf populations. De Leo et al's figures may also have underestimated the incidence of suicide in deaf people as sensory impairments were only identified if mentioned in the coroners' reports.
Two papers examined the relationship between tinnitus and suicide. Lewis et al found that four individuals out of a clinic population of 674 in Cardiff, Wales had died by suicide over a 5 year period; a rate of 118 per 100000 per year [16] . This was over 10-times the general population rate of suicide in South Glamorgan (the County including Cardiff) during this time. The study presented the case histories of the tinnitus sufferers who had completed suicide (and two additional case histories: one patient who was not a clinic patient but had tinnitus and died by suicide, and one clinic patient who had been killed by his son but who had attempted suicide the previous week). By the authors' own admission, firm conclusions regarding true rates of suicide in tinnitus sufferers are difficult to determine based on a limited number of cases. Also, as all individuals were identified from a specialist clinic population, these cases may have had the most severe tinnitus and may not have been representative of tinnitus sufferers more generally.
Lewis and Stephens surveyed 184 patients of a poisons unit of one hospital in South Glamorgan, Wales during the 3-month period August to October 1993 [17] and achieved a 100% response rate. The authors reported that tinnitus sufferers were under-represented in the self-poisoning population (3 patients; 1.6%) compared to the general population (7%), perhaps because South Glamorgan has a well-developed service for providing help to those with tinnitus, or those with tinnitus harm themselves in ways other than self-poisoning. The 3-month time period allowed for a very limited sample of patients and the study did not consider tinnitus sufferers who may have poisoned themselves and simply not presented for treatment, or presented to other hospitals or primary care.
Risk and associated factors for suicide in deaf people
Eight studies attempted to describe possible associations with suicide.
Critchfield et al found a higher rate of suicidal attempts and 'gestures' among deaf students at deaf-only educational programmes (2.2%) than among deaf students at combined deaf and hearing programmes (0.9%) [12] . The same applied for verbalisation of suicide (4.6% in deafonly programmes; 2.7% in combined deaf and hearing programmes) and hospitalisation for a suicidal or depressive episode (1% in deaf-only programmes; 0.6% in combined deaf and hearing programmes).
Boyechko found that suicidal behaviour was associated with decreasing levels of hopelessness, and decreasing levels of social support [11] . Dudzinski reported that the two most common reasons for considering suicide among both deaf males and females were family and relationship problems [10] .
Lewis, Stephens and McKenna obtained details of 28 cases of suicide in tinnitus sufferers by surveying audiology clinics in the UK and other developed countries [18] . From these cases Lewis et al identified a number of common risk factors for suicide, including male gender, social isolation, a history of psychiatric illness, problems with alcohol use and a prior history of attempted suicide. The sample was small but the study provided interesting results.
De Leo et al found that of the seven cases of suicide by hearing-impaired individuals, hearing-related problems had been a major contributing factor in two cases (29%). A total of 63% had a history of mental illness and 43% had experienced a recent traumatic event prior to suicide [13] .
In our search of the deafness and depression literature we found no studies which included suicidal behaviour as a main outcome measure. However, Leigh et al piloted and modified the Beck Depression Inventory (BDI) for use with deaf people (with a hearing loss of 80 decibels or greater) [19] . They reported high internal consistency for the revised BDI in hearing individuals, similar to that reported for the original BDI (Cronbach's alpha 0.9). The mean scores on the two versions of the scale were also very similar. However, internal consistency was slightly lower for deaf individuals (Cronbach's alpha 0.7). They found that 102 deaf students recorded a mean score of 10 on the revised BDI. This compared to a mean score of 7.7 for 112 hearing students on the original version. Leigh et al reported additional findings from the same study in a later paper [20] . On the revised BDI, 43% of deaf students scored within the range indicative of mild depression, compared to 27% of hearing students, and 8% of deaf students scored within the range indicative of moderate depression, compared to 4% of hearing students.
Although the findings of this study are suggestive of higher BDI scores (indicating more severe depressive symptoms) among deaf compared to hearing students, the authors emphasised that they did not feel that the revised version of the BDI was ready for clinical use. It was still at a research and development stage and further work on its psychometric properties in different groups of deaf individuals was needed.
Similar results were obtained from a study of 50 profoundly deaf (hearing loss 90 decibels or greater) residential school adolescents and 60 hearing adolescents from a junior high school carried out in the south-eastern United States [21] . The mean score on the revised BDI was 10.5 for deaf students compared to 6.6 for hearing students. Overall, 40% of deaf students scored within the range indicative of mild depression, compared to 17% of hearing students, and 10% of deaf students scored within the range indicative of moderate or severe depression, compared to 3% of hearing students. However, because of the different routes of recruitment for deaf and hearing students it is difficult to be certain that the between-group differences are robust.
Marcus tested 129 deaf college students using a videotaped version of the Beck Depression Inventory (the Brauer-Gallaudet Beck Depression Inventory; BGBDI) [22] . The paper did not give a definition of the term 'deaf' nor discuss the severity of hearing loss in those who participated. Overall, 61% of students recorded scores indicative of significant depressive symptoms. A total of 35% recorded scores indicating mild to moderate depression, a further 19% recorded scores indicating moderate to severe depression, and 7% scored within the severe depressive symptoms range. The hearing condition of participants' parents was also identified as a risk factor for depression. Deaf participants with deaf parents recorded a mean score of 10.4. Deaf participants with hearing parents recorded a mean score of 15.3. This difference was statistically significant (p < 0.05).
Black and Glickman compared the clinical characteristics of deaf patients discharged from one specialist deaf psychiatric inpatient unit to those of hearing patients from the same hospital [23] . The 'deaf' group in this study was described as containing those who were both 'deaf and 'severely hard of hearing', although no further explanation related to these terms was offered. Black and Glickman found a wider range of diagnoses among the deaf patients than had been reported in previous studies. Posttraumatic stress disorder was the most common diagnosis (29.7% of deaf patients and 21% of hearing patients).
Affective disorder was more common in deaf than hearing patients (26% of deaf patients compared to 8.3% of hearing patients) but psychotic and substance misuse disorders were less common. Importantly for this review, deaf patients were considered by staff as at significantly higher risk of self-harm than hearing patients. The mean scores (standard deviations) on the self-harm section of the Clinical Evaluation of Risk Functioning Scale were 3.3 (1.5) for deaf patients, compared to 2.1 (1.3) for hearing patients. The study sample was small (n = 64 deaf inpatients) and taken from a single unit of one hospital. The findings are therefore difficult to generalise to the wider deaf population. In addition, in-patient units for the deaf may function very differently from in-patient units for hearing patients, making direct comparisons between them difficult. The study does however give an interesting insight into the prevalence of a broad range of psychiatric diagnoses in a deaf population in a clinical setting.
Approaches to suicide prevention
We found no studies that formally evaluated existing suicide prevention strategies for use with deaf people, but a number of studies reported material relevant to this aim.
Dudzinski reported that although most participating schools for deaf students considered suicidal behaviour a problem, almost one-third (31%) had no established guidelines for responding to such behaviour [10] . Further, the five most common elements of procedures for dealing with suicidal ideation listed by Dudzinski appear generic and applicable to deaf and hearing students: (1) call parents, (2) keep student under observation, (3) complete written documentation, (4) call counsellor/psychologist, (5) follow-up. In schools with policies for dealing with suicidal ideation, the most common response type was administrative, e.g. contacting a supervisor or writing a report of the event [10] . In some schools the policies were exclusively administrative in nature. The least common intervention was psychosocial.
Critchfield et al found that from 92 schools and residential programmes for deaf students or deaf and hearing students, only 21% had an established policy for dealing with suicidal behaviour [12] . The authors also presented a suicide intervention model used at the California School for the Deaf in Fremont (CSDF), California. The model suggests a long-term treatment plan for students displaying suicidal behaviour and a checklist for counsellors to aid their evaluations of students referred for suicidal ideation. The CSDF has also created a comprehensive 'decision tree' detailing which types of involvement by staff are most appropriate, depending on the levels of suicidal ideation expressed by the student. Critchfield et al argue that the long-term treatment of suicidal behaviour in deaf adolescents should vary little from that for their hearing peers [12] . This is reflected in the suicide intervention model at the CSDF which reflects a generic approach to suicide prevention in students.
Lewis et al [16] suggested the need for an enquiry and possible psychiatric referral following risk assessment of tinnitus sufferers, and emphasised the role of clinicians in identifying tinnitus sufferers at risk from suicide [18] . Leigh et al modified the Beck Depression Inventory for use with deaf people [19] . This could be a useful tool for preventing suicidal behaviour by helping to identify an established risk factor for suicide.
Subgroups of deaf people
We found little data regarding suicidal behaviour within subgroups of deaf populations. We were primarily interested in investigating whether there were any differences between those with pre-lingual deafness and those with later onset deafness. There was little consensus on definitions and the terms 'deaf' and 'hard of hearing' were often used interchangeably, highlighting the extent to which those with hearing impairments were considered a uniform group.
Discussion

Main findings in relation to aims
Incidence/prevalence of suicidal behaviour De Leo et al reported that 0.2% of those completing suicide in one Australian state had a hearing impairment [15] . A small study of tinnitus sufferers presenting to one clinic suggested their suicide risk was 118 per 100000 per year (over 10 times the general population rate) [16] . Lifetime rates of attempted suicide among deaf and hearingimpaired school and college students were as high as 30% [12] . Rates of attempted suicide during the previous year ranged from approximately 1.7% [12] to 18% [11] . Methodological weaknesses mean that these estimates should be interpreted cautiously and it is unclear whether these rates are substantially higher than general population rates. Previous studies examining suicidal behaviour among unselected hearing student samples have reported rates of 1.7% during the previous year [24] . Studies of selfharm in hearing adolescents have reported annual rates of approximately 5% [25] to 7% [26, 27] . Further studies using more robust methods would enable a better estimate of the risk of suicidal behaviours in deaf populations.
Risk and associated factors for suicide in deaf people
The literature suggests that a number of factors are associated with suicide in deaf and hearing-impaired people.
However, it is difficult to comment on whether these are true risk factors as many studies were either descriptive or lacked adequate control groups. In general the factors associated with suicidal behaviour in deaf populations (for example, family and relationship problems, social isolation, psychiatric illness) were similar to the risk factors that have been reported in hearing populations [28] . We found little evidence to suggest that risk factors for suicide in deaf people differed systematically from those in the general population. However, studies did report higher levels of depression [18] and higher levels of perceived risk among deaf individuals than hearing control groups [23] .
Approaches to suicide prevention Surveys of educational establishments for deaf individuals appear to indicate only a minority have specific policies for dealing with the issue of suicidal behaviour. Suggested suicide prevention strategies for use in deaf people have largely relied on generic principles.
Methodological limitations of the review
This review appears to be the first to report the available literature on suicide in deaf people but changes to our methodology may have increased the number of studies included. If translating resources had been available it may have been possible to include foreign language material (in the event only one foreign language study was found and this was of doubtful relevance). It may also be possible that more papers exist but are currently unpublished; some of the studies in this review were PhD dissertations rather than published papers. However, the study was advertised widely within the UK and this did not result in any additional material. Furthermore, we made contact with key researchers in the field and searched dissertation and 'grey' literature databases. A formal metaanalysis of studies may have strengthened conclusions of the review; however the limited number of relevant studies and their heterogeneity precluded this. We chose not to formally rate the quality of individual papers and discussed the strengths and weaknesses of individual studies instead. Alternative means of rating the data quality were not carried out. Finally, not all possible terms for depression related to deafness were explored. This is because it was not a central aim of the review. Rather, it was used to identify other papers relevant to the topic of suicidal behaviour in deaf people.
Implications for future research
This review has highlighted a lack of research and the possibility that some aspects of suicidal behaviour may be more common in hearing-impaired individuals. Methodological limitations to previous studies include limitedresponse rates, small and unrepresentative samples, and unstandardised definitions. As discussed above, people with hearing loss are not a homogenous group. Studies have failed to distinguish between different types of deafness, different degrees of deafness, and those who use sign language compared to those who use oral methods of communication. Suicide is a rare event but future studies could utilise existing resources and databases, such as national suicide databases [29] , and regional self-harm and attempted suicide databases [30] . Such databases may allow an estimate of the risk of suicidal behaviour among those who are deaf, especially if linked with general population databases [31, 32] . Use of these databases would depend on whether baseline information on hearing status was available. We might also explore the use of databases in other countries in order to investigate the relationship between deafness and suicide. Such databases have been successfully used in Scandinavia to investigate the relationship between a number of risk factors and suicide (see, for example, [33] ). Large-scale surveys could be used to recruit more representative samples of participants than have been recruited in studies to date by enlisting the help of organisations (such as the RNID in the UK) which work with a broad cross-section of deaf populations. Qualitative methodologies might help in the investigation of the processes underlying suicidal behaviour in deaf people and suggest possible avenues for prevention.
Implications for practice
It is unclear whether rates of suicidal behaviour among deaf and hearing-impaired people are higher than in the general population. Deaf people may be more socially isolated, may have more physical health problems, and may be more likely to suffer depressive symptoms than those who are hearing [3] . These factors all increase the risk of suicide in the general population [28] , and so it may be that deaf people are at greater risk of suicide than their hearing counterparts. Clinicians should be aware of this possibility. Even if the risk is not significantly increased in deaf individuals, services should still be accessible to this group and specific preventative strategies are likely to be of benefit. There is little firm evidence for the effectiveness of suicide prevention strategies in deaf people, but a number of practical options have been suggested by recent reports and policy documents.
A key concern is why more clinicians do not come into contact with those from the deaf community. A report from the UK Department of Health 'A Sign of the Times' [3] makes clear the need for increased accessibility for deaf people to mental services in England. One of the main messages of the document is that a 'one size fits all' approach to mental health services does not offer deaf and hearing-impaired patients an equal standard of care, and may discourage those from the deaf community from seeking help. The report outlines a number of measures aimed at improving access to mental health services for deaf people, including the training of clinical staff in deaf awareness and promoting the recognition of mental health problems in those who are deaf. Developing specific diagnostic and screening instruments for depression in deaf people may help to do this.
'Mental Health and Deafness -Towards Equity and Access' [34] suggests that 'Better community support, access to specialist care, and improved provision in prisons should all contribute to a reduction in the risk of suicide.' Another report, 'Making Positive Connections' [5] , also makes a number of recommendations for improving services with a view to suicide prevention. These include the initiation of a full research project to further our understanding of the risk of suicide in deaf people, the need for specialist mental health services to be made available to both deaf children and deaf adults, and funding to allow deaf people access to frontline community services and for their availability to be made known to those who are deaf.
